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ABSTRACT " \ ' . . 
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wastewater treatment system. Included are objectives, instructor ' 
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l.evel of -a thre4 module series and -considers the biology 'and 
biochemistry of biochemical oxygen demand (BOD) , reduction and 
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performance and measures to assure proper plant perf ormantfe-. ' 
(Author/RH) 
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. Training Module II40WW 
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Advanced Rotating Biological Surface j 



:.erJc 



J- 



Pag e ' ? o f. 



,0 



ERJC^ 



Module No; 



JI40Vw 



Approx. Time: 



*19.0 Hours 



Module Title:.. * • - ' ' <■ , .S- 

Advanced Rotating feioTogical Surface Operation 



Submodule Title:' 



Topic: 
Summary 



Objectives : Upon completion af this module, the participant will vbe able *to 

1. Cilje typical -applications of the RBS^ system anrf discuss the major 
features of their •ap,p^ic|iti on. ' ^ * 

2. Fully describe the RBS /System and its components'. • _ i 

3. ' Discuss the biology and biochemistry of BOD reductieti and nitrification ^ 

>n ^the RBS process. ^ , ,4?. _ 

4. Discuss factors that affect process performance and recommended measurers 
to assure the«^ proper performance of the' RBS' unit. "•' ' • 



'Instructional Aids: 

Slides ^ ^ ^ 

Transparencies^ 

Handouts 



Instructional Approach: 
Discussion ^ ^ , ' 



References: ^ » 

1. WateV Pollution Control Federation, Operation of Wastewater Treatment 

Plants, Manual of Practice No. 11, 1976 

2. Autotrol Corporation, Bio-surf Design Manual, 1972.' • : 

3.. Autotrol Corporation, Operatijng & Maintenance Manual fqr'the Bio-sur^ 

waste Treatment Process ^ ; ' * 

'4. Ar*ticles frpm the technical literature * . ^ • ^- 



Class Assignments : ♦ 
Readiag from references, 
Study o^.Handouts. 
Work s'ampte problems. 
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Module Title: 



Advanced Rollating Biological Sucface Operation 



Subm^d 



ule TiJ 



Topic; • 
RBS System: Review of Purpose and Components 



Objectives: Upon completion of this topic, 'the participant-will be. able to . 
1.' Describe and discuss the nature oT an/RBS\ wastewater .treatment system^ 
. its [3urpose and components. * . 



ERIC 



Instructional Aids: 
Slides and transparencies: 

# 

t * 

: \ 



RES Unit Schematics 
RBS Unit CQfit^onents 



\ 



Instructional y\pproach: 
"Discussion * 



References 
1. 



Water Pollutiqn Control. Federation, Operation ol Wastewater Tre 
Plants, ManuiiT of Practice No. 11, 1976 _ , 

2/ Autotrol Corporation, Bio-siirf Design M*^nual , 1972 - 
3\ Autotrol Corporation, Operating & Maintenance .ManuaJ fj^r the Bi 

♦ V • Waste Treatment- Process ' . . - . ^ ^ * 

4. Articles from "the technical' literature ' ^ 



atnreTit 
0-surf 



Class Assignments; ' \ . r> 

^Study assigned readings in references, 
Study"^ handouts. - 



.of_ 



Module" No: 

1140WW. . ■ 



1- 



Topic: . ' . 

^ RBS System: -Review of Purpose and Components 



In$.truct^r Nqtes: 



In structdV - Outline:- ^ 



Note\ ; Students are likely, quite 
^ \.fam%iar with the system 
. \ vja, personal experienc^ , 
* v^and/br previous courses. ' 
^. However, It is important 
to review the nature of 
the' process . 



TRAf/S Aiwr 

Role of RBS .Units 



1. Dlscus5u-tli^ P5 process 



'/^a. Purpos.e ' . • 

tKj Components and Configurations 
* c. Process performance ^ 



s 



TRANS AD-2 , ^ . 
Rptating B1ol<)gVal Surface Re- 
actor ' ^ S ' 

H 

TRANS A~0-3 ' • . ^ 
Typical RBS Configuration 

TRANS ' ^ ' 

Process >Unit Components 

TRANS Afc5 ' ' . ' 

Process. Description ■ - 
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Moc/ule No: 



II40WW 



Approx. "Tinier 



3.0 Hsurs'- -. 




Module Title; 



'Pag e 5 o f 

^ 



Advanged Rotating. Biological Su'rface .Operation 



S'ubmodule Title: 



Topic: 



Basic BioTogy & Ap^pli cations to^RBS 'Unit 



Objectives: Upon cbmpletion of this topic, the .participant will be able to 
1. Describe t^ie types of organVsms^ ijivqlved in tx\ RBS system and their; 

biachemical characteristics; including hetero^'trophs.and.nitrifying ' 

bacteria, T; ^ ' ' 

2-. Discuss the biochemical • interactions, erg, lalkal-inity destruction 
' in nitrificati&n, orgahism competition, affect af DO concentration, 

Mnetic factors, d^itrifi cation. * l 

3. ^ Dgscribe the types of animaT forms and other biota present in the RBS' 

unit.- ■ ' * 



Ins.tructionaV ^iids: 



Tr^spaVenci^: Biochemical equations of change and synthesis ^ 

. - ^ Bacterial activity under various conditions 

' ' '/ 'Typical organism nomenclature 'and characteristics 



.Instructional Approach 



qis5;^s 



SI on 



References : ^ 

•1. Water Pollution Control Federation/ Operation of Wastewater Treatment 

^ Plants, Manual of Practide, N«. 11 , 1976 ^ ' 
2. .Autotrol CorppratijDn',' Bfo-surf Design Manual, 1972 - 
3/ Autotrol Corporation, aperatlp^& Maintenance Manual for the Bio-surf 
Waste T re a tmefi t yjo^ o&s V . , / ^ 

4. Art! c.les- from the^Technical IHerature . ' >' 



Class Assignments: 
Study of handout materials'. 
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Module No: 



Topics 



Bffsic Biology & Applications to RBS Unit 



Instructor Notes,: 



TRANS AD-6 



Biolog 



r . 



'0' 

ERIC 



Biolog 



cal TenjiiriQlogy 



TRANS'^ AD-7 - 

cal Activity^ 



TRANS AD-8 

Alkalinity-pH Change 
TRANS AD -9 

Effect of pH on Nitrification 

TRANS AD- 10', AD-ll. 

Eff'egt of Temperature I & II 

Note: Se-e USEPA Nitrogen 

Removal Manual and ^ ' 
the Antonie Great 
• ^ Plaijis article. 

TRANS AD-12 - > . . ' 

Effect '6f-B0D5 and Hydraulic 
Load , ' . 

TRANS AD-13 \ ^ 
vStages-Nitri fi cation • ^ - 

TRANS AD-J4 ' ^ 

Kinetics of Nitrification 



Ins£ructor tJutline: 



1. * Discuss the biological Vife in an RBS \ 
.system ^ . - 
. . . • . . (, 

. a. Aerobic organic conversions and cell 
growth. -Appearance of growth/ 

b; Aerobic nitrification. Observe the; 
differences regarding growth rates, 
appearance, carbon ^source, etc.. 

c. Nuisance organisms / e.g. filamentous^ 
types and anaerobic degradation of 
any. solids accumulation 

,^2. Discuss pH effects ai;id alk-alinity destruction 
in nitrification. 

i / ^ 

3. Discuss the effect of temperature and the 
use of correction factors^afor nitrification. 

4. Discuss the relationship of BOD5, ammonia 
^ ■ coracentrfition and hydraulic loading on 

. nitrification. 



5. 



8. 



Discuss the relationship^of inlet ammonia 
concentration and number of stages on- ' 
nitrification. 

Discuss .organism growth rates and ammonia 
oxidation rates ' * 
a. Nitrite does not accumulate 
h. . Note the'^ factors "Involved in ammonia, 
oxidatf&n 

Discuss other factors e.g* , DO requirements 
and potential deni trif ication under anaero- 
bic conditions . ^ * 

Discuss other biological forms e.g.., ^ 
protozoa, rotil'erss worm'-larvae 



0 
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Module No: 



II40WW^ 



Approx, Time: 



3.0 Hours 



ModuTe Title: / . . 

Advanced Rotatincf Biological Surface 'Operation 



Submodule Title: 



Top.ic:^ . ; ' 

f^rocess'^Design and [Predicted Performance 



Objectives r.0J,on completion of this topic, the participant. will -te ^bXe to 

1/ 'Discuss the primary fac1;ors contr.oling the design of RBS uaits, e.g. 
hydraulic. loading, COD' or BOD concentration, NH3 concentration, 
» .staging, rotational 'speed, temperature. \' r ' 
2, Discuss typ:ica1 predicted performance including BOD reduction, nitri- 
• fication, sludge settleability and production- ^ 



Instructional Aids:, 
Slides and Transparencies: 



Process design j:urves 
Process performance corves 



Instructional Approach: 
is cushion 



^ . ■ 



References: - • ' ■ . ; 

1. Water Pollution Control Federation, Operation' of Wastewater TreaTtment • • 

; Plants, Manual of Pract^Gfe No. Tl , 1976 . ' . ' 

2. Autotrol Corporation, Bio- surf Design MaViua.l , .1972 ' < 
3: .Autotrol Corporation, Operating & Maintenance Manual for the B^io-'surf^ 

Waste Treatment Process ' , ^. , - * . . 

4. Articles from the technical literature ' ' ! ^ 

, . . :. • • \ > 



'Class Assignments : • * ^ 

Study references readings. 
Study handout materials. ^ 

- * > ' 



• V 



Page- 



Module Ho: 

11401^ 



Topic: 



Pxo^ess Design 'and Predicted PeVfor;manc'e * 



Instructor Motes: 



TRANS, AO-15, ADr16 ' 
Bio-surf Process. Design I, II 



Instructor Outline: 



1- Discuss the* factors" affecting .design * " 
• :a,,' Hydrauli^c loading and, inlet BOD • . 
^ ' b, T-emperature corrections for, BOD removal 

c. Ammonia reduotiQ^/factOrs e.g., Inlet 

' BOD, NHsKand hydraulic loading ' ^ " 

d. ' Flow variations re-nitrification '"^ 

e- -Temperature corrections, for nitrification 

2. Discuss typical predicted performance - • ' 
a, BOD reduction 

^b. Nitrification ' . ' .y^ 

' ' c. Suspended solids levels , ' , 

d. Bio-solids settlability and' sludge' ' 
V thickness • . 
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Module Nor 

« 

II4QWW 


Module Title\ ' ' ■ 

' [ ^ ■ 
Advanced Rotating Biologica) Surface Op.eratio/i . 


Submodule Title: , * 


Approx. Time: 
• 

5.0 Hours 


Factors Affecting Process Performance with Operatidaal 
Changes. * . * " ' • 



Objectives: Upon .completion of this topic, the participant will be able to 

1. Describe and discuss the impact of changing wastewater quality, e..g;, 

(increase in solids, toxics, pH, loadings, temperature, .industrial 
wastes on RBS unit performance and recommend potential solutions 
to ^hese changes.^' ' . • ' ^ 

2. Discuss the impact of diurnal flow changes and other flow rate changes 
and recommend operational changes. ' ' * " 



Ins tructidnal- Aids: 
Slides and Transparencies; 

■o 




Affect of wastewater quality change on performance 
--graphs of effects. . . ' * ' ^ 

Equali^g^on recommendations. • 



Instructional Approach t» 



/ 

Discussion 



References: • ^ . • ^ 

1. Water Pollution Control Federation, Operation of Wastfewawr* Treatment 
' ^ P.lants, Manual, of Prafctice No. 11^ 1976 

2. Autotrol Corporation, Bio-surf Design Manual , ;1 9,72. . 
3; Auto^ol Corporation, Operating Maintenance 'MKntial for the Bio-su^>^> 

• . Was j:e^ Treatment Process " ^ - , . ' ^. 

4. Articles from the technical literature/^ ^ 



Classl\ssignments: 

Study reference readings. 
Study handout'materia-lsi 



:l5f 



Page ' of 





ERIC 



Viod^e No: _ 



Topic: 



Fa/tors'Affectingvl^rocess Perforaance^ with 
Opofational Changes 



note : Utilize MQP Noll Cause 
Prevenyon and Cure Sect;' 
an'^d 'Autotrol examples. 



lor 



TRANS Ap-15,.AD-16 
Bjo-surf Pf-ocess Design 

Note? ;- 



ilnslructor Outline: 



Discuss the tmpact ((f wastewater quality 
on plant. pe;rfomiance and^ note .potential-, 
preventive' measures • ' ? 

a. / Increase in solids to units- tlow ^ 

blockage^ odors dbe to anaerobic 
action 

b. ' Toxic-s may cause, loss of bio-mass ' 

or decr'eetsed "activity e.g., heavy ^ * 
metals, cyanides, other--^ 

c. Sharp drops on rises in. pH^ can 
especi'aljy alter nitrification 
rates. ^ Note' alkalinity availability 
and water chemistry changes 

d. Increased organic loadings could 
result in decreased performance' 
and also -affect the extents 

^' • ni trif icat4on * « 

e. Significant drops' in temperature 
may decrease^ performance.. 

'Discuss the impact of/ diurnal flows and 
surge flovN^. on the bip-mass and final 
clarifier performance. Note, cri ticaM 
aspect .of ' ' ' ^ - / . r ^ 

a. Hydraulic loading- on RBS units * 

b. Overflow rate on final 'clarifier 
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Module- No; 



II40WW.- 



Approx. Time: 



2.5 fjx)urs 



Module'TUle; 



Adva'nced Ratating Biological Surface Operation 



Submodule Title: 



Topic: 
RBS Plant Modifications 



.Objectives-: Upon completion of this topic, the -participant will be able to 
K Describe potential RBS 'uni.t modifications on. concepts including air 

drive, staging, recycle/ *• , . 

2.. Describe tire putentiaV use of chemical addition, to improve pre-treatmrfrtt 
r on final clarification. . 
^3. Describe alternate pre-treatmeht modifications to aff^t RBS unit, ^ 
performance./ ■ 



Instructional Aids: 
♦ - 

\Slides or Transparencies: Air drive system 

Typical chemical additions 



Instructional Approach: 
Di'squssion 



References : ' ' ^; 

1. Water^Pollution Control Federation, Operation of Wastewater Treatmerit 

Plants, MaTiual of Practice No. 11, l9/6 ^ . ' < 

2. Autotrol Corporai^ioni Bio-surf Design Manual, 1972 

3. * Autotrol Corporation, Operating & Maintenance Manual for the Bio-surf . 

Waste Treatment Process^ * . - 

4. Articles /from the technical literatun^ 



Class' Assignments : 
Study class, handout material*. 




Page. 
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Module No; 

IHOWW 



Topi-c: 



-RBS Plant Modifications 



Instructor Motes: 




TRANS AD/ 17 X ^ 
Bio-surf A1r Dr^ive" 



\ERiC 



Instructor OutTwie: 



l\ Discus^- the effect 9f.st^ng on perfor- 
mance*; ' * 

2. Consider the aspects of recycle- similar 
to a trickling filter -system. Costs and 
benefits . 

3. Discuss the air-driye concept for power. , 
reduction, rotationa^l speed 'adjustment 
and an additional, oxygen .source. .Aero- 
tubes can be included for higl] organic 
lo*ading applications; ^^ ; 

4. Discuss' the use -of coagulants and coagu- 

* 1 ant aids to improve solid-liquid separa- 
H-ian in primary -units and/or final ' 

clarifiers. \ - " 

^ a. Benefits vs. costs 
i.b. Sludge aspect^ 

5. Review alternative pre-\rea.tmerit processes 

• that could be -employed, to af fect^ RBS 
performanc^^^. 

a. Grit'rremoval-use of der)ated grit 
chambers. c » ^ m ' 

b. Use of fine screens. • , . " 

c. Dissolved air flotation-grease and 
oil. • ' 

d. Other 

6. Ask participants to cite^any of their 
experiences. 
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Module 'No: ^ 


Module Title? ' 




Advanced Rotating Biological Surface Oper/ajtion 


II40WW \ /' ' 


Submodule Title: 


Appro.x.. Time: ,1 . v 






Topic: " . ..." * 


"2. 5. Hours " . 


RBS System: Case Studies * 


Objectives^: Upt)n completion of this topic, the participant will be able to 
1. Discuss the apfjlication of the- RBS system as^the primary secondary 
treatment unit and as a nitrifying unit in municipal wastewater 
treatment' systems oT varying size and type. ; 0 ^ * , ^ 




• • f • t ' 

• \ 
\ 

* 






Instructional Aids: 




Slides/and Transparencies: Case studies .including Gladstone Michigan 

Emmetsburg, Iowa . 
Spencer, Iowa ^" 

. others 

; e'.g. Peoria, Illinois 

* ^ , #' 


Instructional Approach:^ 


Discussion 

■ T ' 


? ■ 

/ 


References : 


■ ' X J ' \ ^ !■ ^ 


1. VJater Pollution Control Federation, Operation of Wastewater Treatment 
' Plants, Manual of Practice No. 11 , 1976 ^ • * 

2. Autotrol Corporation, Bio-surf Design Manual, 1972 ' * 

3. Autotrol .Corporation Operating & Maintenanre Manual for the Bio-surf - 

Waste Treatment Process . ' . ^ \ ^ , 
♦4* Articles from the technical literature 

• 


Class Assignrpents: ^ * % 
Study handout materials regarding the case studies.- 




' -17. : ■ ■■■ . 



MpduTe No: 



. II40WW 



Topic: 



RBS System: .Case Studies, 



instructor .flotes: 



Instructor OutHne: 



TR|\NS AD-18 

&^Jkdstone-Flow Diagram 
TRANS AD-19 
Sladstpne-Design Data* 
TRANS AD-20 ^ * 

G7adstx)ne-RBS" Configuration^ - 
TRANS AD-21 ^ ' 

'Gladstone-Perfonpance ' • 

See Malhotra anql Anton ie articTes 
regarding Gladstone 

SLIDES 

DS-2 through DS-17 > 

TRANS AD-22 
Plant Upgradihg-New^n 



1. Discuss case^tbdie^^of . the^ .use of the 
. .RBS system ^ \ - ' . 

a. GUdstone^ Michigan-designed for BOD 
.reduction but achieved nitrification- ' 
excellent set .of data and analysis 
of performance. Note performance data. 
rJ b. Emmetsburg, Jowa-B^D^-'S^id Ammonia re- 
moval plus disinfection (Obtain current 
infonnation from JUEQ Staff and Mr. 
Harris of Emmetsburg.) ^ 
Newell, West Virginia 
Discuss additional projects familiar 
to the 'instructor 
e. Have students 'share their experiences ^ 



c. 
d. 



Page 15 o f 



Module No«: Module Title: 

Advanced Rotating Biological Surface .Operation 
II40WW Submodule Title: 



ApproxV Time:. |_ 

.A Topic: 

T.5 Hours . RBS System: Special Applic ations 

Objectives: Upon completion of this topic, the participant will be able "to 

1. Discuss application^ of the RBS.,6ysteni.,.to the treatment of st^le.stream 
flows in wastewater treatment' plants ijicluding digester supernatant, 
sludge filtrates , septic effluents. 

2. Discuss applications of the RBS system to 'the tf^tment of industria,! . 
wastes, .e.g. dairy, cheese, oil, food processing. 



Instructional Aids: > " * ^ * 

Transparencies "and Slides: Typical treatment systems--case 'studies. 

^ ^ <>Results ofVeported studies, e;g. Chi. San, 

Dj^stHctV Minn-St. Paul San. Districts 
•f . Fredericksburg and. Hopkinton^ Iowa . ^ 



Instructional Approach: 
Di^cusiion 



References : 



I' 



1. Water Pollution Control Federation t^perati on of Wastewater Treatment 

Plants,' Manual of Practice No. ^11 , 1976 . 

2. Autotrol Corporation, Bio-surf Design Manual, 1972 

3. T\utotrol Corporation, Operating & Maintenance Manual for the Bio-surf ' 

Waste Treatment Process ^ . ' ^ 

4. Articles from the technical literature - ' 



Class Assignments : 
Study handout materials regarding case studies, 
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Module No: 

. 1I40WW - • 



Topic: ^ 
RBS System: Special Applications 



Instructor Notes: 



Instructor Outline: 



> TRANS AD-25 

.-Bio-di^R (Textile Waste) 

TRANS AD-24 ' 

Bio-modufe - Septic Tanl^s 



Note: Data on Iowa plants from 
IDEQ and plants themselves, 
Data on additional indus- 
trial ^applications via 
yPCF literature^and Auto- 
trol in Milwaukee. 



2. 



Discuss special applications in'muhicipal 
^ants ' ^ f 

a. RBS units fiave been studied for treat-- 
, m'ent of sludge treatment* iFlows e.g.,. 

digester ^supernatant, Vacufim filtrate, 

e.g. Chicafli Sanitary District, Minn.-- 

St. P^ul Sanitary. -Distrigt.. 
'b. RBS Units have been suggested to treat 

septic tank effluents and similar 

flows e.g. i -imhoff tanks 

RBS units /have /been studied for severaV^ 
industrial Waste applications and many 
plants are in operation 

a. Dairy wastes at Hopkinton and 
Fredericksburg, lov/a* 

b. Oil refinery wastes at Salt Lake 
City for BQD, phenol and oil re- 
duction 

c. Textiles at DuPont (Chattanooga, Tenn.) 
BOO reduction and nitrification 




TRANSPARENCIES 
for 



' Training Wodii^le II40WW 
Advanted Rotating Biological Surface 



/'■ 
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Module No: IP2FWW^(i' Topic: 
H3JWW, ^II|0|JW;- 



^Referenjces ^Utilized in Developing Training 
Module Material • ' . 



Instructor Notes; 



istructor^Butline; 



6 



Water Po^luti.on Control Federation*, OperatiorT 
• Wa'stewater Treatment Plants , MOP HoAl, 1976 

Autotrol Xorporation, -Bio-surf Design Manual , 
1972 * ' . 

Autotrol Corporation', Opdra>tfng ' and- Mainte- 
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roLe of rbs units; 



SECONDARY TREATME NT! ' * ' ' 

— — . ■ N ^ 

Reduction^ of BQD by aerobic biological treatment ' • 
. Used in place of a rock trickling filter of an 
activated sludge^process \ ^ 
Applied to irfunicipal and to industria1'W3stewater 
Oxidize some organics in .industrial westes . 



TERTIARY TREATMENT 



Decrease ammonia nitrogen (NH^-N) concentration by 

biological oxidation 
Used alone or in corrlbination with other biological 
^ * 'processes 
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ROTATING BIOLOGICAL SURFACE REACTOR 



PRIMARY TREATMENT 



SECONDARY SETTLING 



EFFUJENt 




SOLIDS DISPOSAL 

HGUKE IO-S. Rotating biological reactors should be preceded by pre.reat:nent and followed by 
riouiv- o secondary sedimentation. , 



1 




FIGURE l6-4,-^i(eaQtor caWes film of waste- 
water into the aii^ Wastewater trickles down 
the surface and absorbs, oxygen from the air. 
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TYPICAL' RBS CONFIG^URATION 



> 
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COVERS OPTIONAL 



Dri ve 
System 



Semi -ci rcular 
Corrtour Opti onal 




EFFLUENT FROl^PIPE TO SECONDARY CLiQ^RIFIER 



. Interstage 
B'ulkh.eads. 




t 

Ml 

it 



DIS'CHARGE 
OVER WEIR 
OPTIONAL 



J A 
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WASTEWATER FROM .PRIMARY^/I^TMENT, 
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PROCESS UNIX COMPONENTS 



222 



DRIVE ASSEMBLY (See Appendix for detoils) 
Mofor 

Bel» Drive • ^ p^e.^^embled 
Speed Reducer 

Drive Sprocket / • , ' / 

RiSlter Chain 



LOOSE PARTS ^ 
( SHIPPED SEPARATELY ), 



A. B6se Borj- 



Drive Sole Ptote 
Bearing Bases, note (1) 

B« Chain Cosing, complete 
with seols/ dipstick, ond 
mounting hordwore* 



C. Guard for'Belf Drive 

1l > 





BIO-SURF Medio 
Shoft with Machined Stub Ends 
Self-Aligning Beof'inQs^'note (2) 
Shaft Sprocket 



(1) Beoring bose for drive end diffe'fs from bose for idle end. ^ 

(2) Drive side beoring is non-expprfsicn type. Idle end beoring is jexpon^ion. 




BIO-SURF Media 1 | 

The photo shows a cross-section of the BlO-SURF mediaTlt 
consists of altemating flat and conugated sheets of polyetbylene 
which are thennally bonded for strength and long service life. 
The conugated««toe^s are vacuunvfonmed with integral radial 
passages. The radial pJ^ssage^ a How a free flow wastewater. . 
air and stripped biomass in arui out of the media as it rotates. 



.If 
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PROCESS DESCRIPTION * ' . 



The BM-SURF' process is a ^ondary biological treatment system'N^t con- 
sists of from 2 meter to 12-foot diarjieter corrugated polyethylene media, 
which is mounted on a hgrizoatal shaft up to'20 feet long and placed in' 
a-steel or concrete tank. The nietfiyiis rotated at 1.5-3 rpm while about 




40% of the surface area is iirpersed i^n wastewater. 

Shortly after start-up, m-^croorganisms begin to grow on the' surface of 
the media. One to two weeks later, the entire surface area is covered 
with a* 2-4 mm thickrtess of biomass, ' . , 

^Rotation of the media alternately contacts the biomass with the wastewasfer 
for removal, of organic materials and eij^poses it to the air for absorpti'c 
of oxygen. The amount of attached biomass is relatively large compared 
the amount of wastewatei^^ under treatment -- the equivalent of 10,006 to 
20,000 mg/1 of mixed liquor volatile solids. This allows high degrees of 
treatment' to be achieved for .Relatively short retention times -- usually 
about one hour for most treatment requirements.' 

Rotation of the media at. a peripheral velocity tOf 1..0 foot'per second 
exerts shearing forces on the .biomass which strips excess biological 
growth and prevents clogging/ The mixing action of the media keeps strip- 
ped biological solids in suspension until the flow of treated wastewater 
carries them to & clarifier f&r separation and disposal* 

Excerpts from Autotrol Publications 

Power Reguirements. Q.3 hp-hr per pound BOD removed 

• Effluent Quality - • Some applications can achieve effluents of 
' ; less than 10 mg/1 BOD and suspended*- solids 

-and less thaTi l.mb/1 of ammonia nitrogen 

• * ^ Settling - , Solids settling rate' 10 td 15 ft/hour 

Low solids^loadings. Can' achieve 3 to 4% 
• • ^ sludge solids . ^ 

\ Modules ' ^- 1 Can be of^raodiLlar construction to aid^ex- 

X pans ion 

'Ffom Autotrol Corporation publications 
" ' TRANS AO-5 



BIOLOGICAL' TERMINDLOGY 



FOOD or SUBSTRATE, F 
(BOD, COD, TOC) 



F/M - Food to Microorganism 
Ratio 



SYNTHESIS or GROWTH ■ 

NEW CELLS, M (Volatile Soli'ds) 



ENERGY & EN£) PRODUCTS^ 



* ORGANIC - HETEROTROPHS < 

AEROBIC (Presence of D.O.) -■ 

• • ANAEROBIC (Absence of D.O.) 

FACULTATIVE Can* adjust to presence or absence of D.O. 

* INORGANIC - AUT-dfRpl^HS 



COg + HgO _ 



CH^ + CO2 



■ NITRIFICATION — NH^ 



NO, 



NO". 



(Aerobic) (Uses'COg as carbon sQurce) 

"PHOTOSYNTHESIS ~ Oses COg as carbon source 
, Yields oxygen in presence of light, 

e.g. algae 
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Mi 



*4= 



BlOLOGlsQAL J^CIiVin^,, 



Mass of 



Microorganisms 



Log 
■^Growth 


Declining! 

Growth \ Endogenous 


• 


















BACTERIAt 








GROWTH 


r J 






CURVE * 
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— ^ 
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% 


Time' 
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J ^ 


^ ft 




'FIXED FILM 
' BIO-ACTIVITY , 
(Attached Growth) 
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/" ALKALINITY-pH CHANGE IN NITRIFI-CATION. • 

' ' • OVERALL REACTION:. ' ' • ' 



NH^"^ + 20^ + 2HCO3" -p^ NO3' + EH^DOg- + H^T 
When synthesis is neglected; • f 



7,14 mg of alkalinity is destroyed per mg of. 
^ammonia v . x^^ft^ 
nitrogen oxidised - Theoretical 



Experimental Da±a 



6^3 to mg alkalinity destroyed 
mg NH.^ - N oxidized ' 




CHANGE : • ' 

pH = pKj - log tjl^ 

[nCO^^^'is reduqed and [h2^^3] increased 
Therefore: ' 

pH tends to be reduced ~ is affected by total ajkali 
.^available & CO^ stripping via aeration & turbulence 
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EFFECT OF pH ON NITRIFICATION RATE 

FIGURE 3-5 



lOO 



EFFECT OF pH ON NITRIFICATION RATE 
■ , (AFTER SAWYEJl, ET AL.) 
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^SYMBOL 


ENVIRONMENT 


A 


Nitrosomonas - purp culture \^ 




Nitrosbmionas - pure ctjiture 


c 


Activated sludge a#20 C 


D 


Activated sludge > 


E 


Attached growth reactor at 22 C 







9.0 



HZftHEHCE' 



W.O 



E^le and Alexander ( 40) 
Myer hof (4H 
^wyer,et al, (42) 
ijowning^et al. (43) ' 
Huang and Hopson (34) 

i 



the nitrificalion rate simultaneously, li has been ^shown that inp^tombined effec t of seve ral - 

T^miting factors on biological growth can be introduced as a product of Monod-type 
factors: • ' ^ *^ 



N 



r 



^N ^ Nj^\^Kp + P 



(3-17) 



where: 



L ' ^ concentration of growth limiting*substance L, 



^ 



N , = concentration of growth limiting substance N, 
^ = concentration of growth limiting substance P, and | 
Kj^, Kj^.'and Kp = half-saturation constants for substances L, N, ancTf, respectively. 
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EFFECT OF^TEKPERATUPE-NITRIFICATION - I 



COMPARISON OF EFFECT OF TEMPER.VTURE ON" VlTRl FIXATION I-N 
SUSPENDED GROVsTH AND ATTACHED GROWTH SYSTEMS (REFERENCE 34) 







vj 






60 














^- 












V 


60 


o 






















' 40 

\ 




\ 






o 








5: 




Ui 


20 


o 


















SUSPENDED GROWTH 



: — 3us\lell,et al. (32) 

2^ Haug % McCarty,-( 2) 

— ,. 'Bol,ak"r ishp.an, et a]. 03) 

. •/ • Huang % Hopson,(34) 
— ; 4- Downing, et al.^(l7,.j8f 
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TEMPERATURE COHKECTIOX F,^CTOR FOR NITRIFJCATIOK .J 
i '^^^ IN THE RBD PROCESS (AFTER ANTONIE (53)) / 
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■ WASTE WA fER TEMP.ERATURE , C 
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EFFECT QF BOD^ CONCENTRATION AND HYDRAULIC rOAD ON 
NITRIFICATION IN ThTE^RBD PROCESS (AFTER ANTONIE (53)) 
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Inlet BOD5 Concentrotion, mg/i 



Maximum 
Ammonio Nitrogen 
. Concentrotion, mg/L 



Temperoture , 
>13C 



A. Design Relotionship 




NITRIFICATION OF 
PRIMARY EFFLUENT 



^(1 gpd/sq ft = 41 i/m^/doy) 



0.5 



hO 



L5 



2.0 



^2,5 



3.0 



3.5 



4.0 



HYDRAULIC LOADING, gpd/sq.ft 
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(t gpd/sq ft «41 i/mydoy) 



0.5 




Experimental Data 
Inlet 8OD5 

NITRIFICATION 
PRIMARY EFFLUENT 

Inlet BODs's'^S to 

O Toltohossee, Flo< 

^ Pewoukee, Wis. 

& Spring C^^y, Po. 

S Bloom, Illinois 

19 Monsf ield , Ohio 
Woshington , Po. 
Inlef BOD5:: 150 to 

• Tollohossee*?^l( 

*A Pewoukic.Wis. 

K Luverne , Minn. 

0 Spencer, lowo 



/.O . /.5 ' 2.0 2.5 
HYDRAULIC LOADING, gpd/ sq ff 

- 4-44 
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3.0 



3.5 



4J0 
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STAGES-NITRIFICATION 
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DESIGN RELATIONSHIPS FOR A 4.STAnF rbd PROCFc;q /' 
T^^EATING SEeONDARYEFFlL^ENT (AFTER AnS'^^ 

^r~~^ — — — '■ — — ^^^-^ — - 



_ RELATIVEf CAPACITIES 
FOR S,TA6Eiop&RAT 




HYOy^AULIC LOADING, GPO/SO FT 



>4 TRANS AD -"13 



3^8 



32 - 

KINETICS OF NITRIFICATION 

KDWth kinetics of Nitrosomoms and Sitrobacter. Nitroiomonas' growth is limited by the 
concentration -of' ammonia ' nitrogen/ while Nitrobacter's growth is limited by the 
concTenthUion of nitrite. " * • • ' 

The kinetic eqb^ion proposed by Monod'S is used to describe the kinetics of biological 
growth of c\ti\tT NtHpsomoJias or Nitrobacter: 



A 



(3-10) 



where; 



A 

K 



licroorganijpis, day , 



of microorganisms, qay , 



growth rate 

maximum grOwth^te 

half velocity constant ^substrate concentration, mg/1 
at half the maximum growth rate ^nd * 5 

growth limiting substrate concentration, nig/l 



Sinc^ the maximum growth rate of Nitrobacter is consid^^bly larger th^Jl the maximum 
grpwth rate of Nitrosorrioms, and since Ks values for both organisms are less than 1 mg/l-N 
at temperatures below 20 C, jiitrite does not-accumulate in large amounts in biological 
treatment systems under steady state conditions. For this reason, the rate of nitrifier^rowth 
can be modeled" with Equation 3-10 using the rate limiting step, ammonia conversion to 
nitrite. For cases where nitrite accumulation -does occur, other appifoaches are 
available. 14,15,16 

3.2,5.2 Relationship of Growth Ratei to "Oxidation Rate 

The ammonia oxidation rate can be related t^/he Nitrgsorrwng/gTo^^ rate/.as/ollows: 




N. ■ 1 



(3-11) 



where- 



tiy^ = Nitrosomoha^ growth rate, day~\o 
. peak Nitrgsomonas growth rate, day 



N. 



-1 



= peak ammonia oxidation rate, lb NH^ - N 



Y 

N ^ oxidized/lb VSS/day, 
ammonia oxidati'on rate, lb NHt - N oxidized/lb VSS/day" 



- organism yield coefficient, lb Nitrosomonas grown'(VSS) per 



N . 



lb NH . - N removed 

4 ^ 

NH^ - N concentration,- mg/1, and 
half-^turation constant, mg/1 NH^ -N, mg/K 
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BIO-SURF PROCESS DESIGN PROCEDURES 



BOD Removal ; - • 

Hydrdiil^ixiding has t>cen Tcaind to be thti pnnciple di'sign 
Cntemm fur tht» BIQ'SURF prcnrcbs. To detemiinc the <»nn>unt 
of BIO -Surf nu'dta required for a specific appficatiun requires , ' 
simply tlwt ihe 4ppropnaie hydraulic KMiding be selectecffrom 
the figure beloa. Div iding the dcsignilovv by the hydraujic 
. loading j^te vicWs tTie amount of BIO -SURF media surfcice 
area required. « • " 

The,BOp removals shoun in Figure 1 are for the BIO-SURF 
process after secondary clarificaiion and do not include any 
BOD reduaion fom primary ireatnient. When using fine screen- 
ing or sept\c tanks for pretreatment. we suggest that no BOD 
reduction be credited to the pretreatment. Because the amount ^ 
' of BOD removal by pretreatment is relatively small, this proce- 
dure results in just a slight increase in BIO-SURF medie^ 
requirements and provides a slightly conservative basis for 
design. • , 

• ^ ' ♦ 

* The ^BIO-SURF process can be designed to consistently pro- ^ 
duce effluent BOD of lO^mg^ I. Effluents of less than 10 rhg/l 
have. been prcxluced by the BIO-SURF process uhen operated 
at less than its design flow.Tliis points out a significant benefk 
for tfiTe process in ih at it produces a higher quality effluent 
when unBerloaded. unlike other processes which have difficulty 
operating efficiently when underloaded. 

BIO-SURF process effluents of lQ-20 ma 'I BOD consist of 
approximately l/^^sohible and 2^3 insoluble BOD. Wherp-iffluent 
^ quality of less^fe^rTl OTiW 1 BOD are consistently required, tertiary- 
fihration is recommendea. 
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, I * ^Hydraulic Loading, fcPD/FT' 

^sj^nded SoHds^cmoval 

Suspended soliHs ren?oval occurs in the BIO-SURF process in 
•the same proportion as BOD removal. IVhen the process is 
designed to achieve a specific effluent BOD corl^entrntion. iVie 
suspended solids viill be at the same or slightly loaer 
concentration. 



ScptioTank Effluent 

A.scptic tank provides a verx. sipiple meahs ol pretreatment 
Himt?ver. it'does prodyce an cffiuent v^ich i«tSomcvi-hot more 
diffiailf to treat than a fresh aaste. Field testing has sholvn 
that degrees of treatment equal to those on fr<'sh waste arc 
achieved on septic tank effluent at lower hydraulic loadings, ^ 
To altfer the septic wBste to fresh conditions and d^*elop an 
I acclimated culture requires that the amoum of BIO-SURF 
media determined for a fresh .waste application bc^ 
increased by 50% for septic w aste.' 

Temperature Correction 

; Wastewater teniperatures above 55 degrees F do not affea 

. treatment efficiency. iBelow 55 degrees F. the BIO-SURF 

] process, like all bioK)gical treatment s^'stems. will show de- 

{ creased treatment efficiency. However, by operating at a lower 

4 hydrauli: loading, equal degrees of treatment can be main- 

' .tair>ed Rgure 2 shows temperature correction faaors ivhich 

j are used to increase the amount of BIO -SURF rT>edia for' 

, conditions of prolonged low wastewater temperatures. 
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2 W _ ^ « •« »• 
WastewateirTemperatufe • F 

Flow Equalization 

The size of the flow equalization tank follbwing pretreatment is 
determined on the b^asis of the daily wastewater flow patterp. 
The pur]X)se of the flow equalization tank is to provide a reason- 
ably uniform wastewater flow*to thcBlO-SURF process even 
though most of the daily ilow may en ten he plant over a 
relatively short time period. The following are general guidelines 
for determining the flow equalization rank capacity: ^ 



Daily Period wtich Wastewater 
Flow is Less than ^% d{ 
^Average Flow 



Re<tommended Flow Equs^i^* 
tionTank Capacity as 
Percent of Daily Flow 



Hours 


/ % 






0 


/ 0 




• 


4 


/ 10 ' 






6 


/ 15 






8 


• / '25 






12 - 


/ 33 




♦ 


14 


/ 50 




> 


16 ' , / 


60. 






18 or more / 


67 • 
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BIOtSUKT process design ^ II 



3U 



Ammonia Nitrogen Removal V 

Regulatory.' agencies are lK>ginn!ng td impose requirerpenfs for 
the removal of niirogenoiis oxvger) demand. NOD. (as ammonia 

t^nitrogcn) in addiiion to^BOD and suspended solids removaJ. 

r The BlO-SURF process is u^ell-suited to the removal of NOD. 

? 'because of the natural dev-elVipnient of nitnfying,organjsms in 
the latter stages of multi-stage BIO-SURF ifrft dilations. 
Rgure 3 shous the d^ign relationship for ammonia nitrogen 
removal. BIO-SURF media requirements for nitrification miist 
be compared to those for BOD removal, and the larger 'of the 
two determines equipment selection. 



B>o-suftF Process 

__NITRIFICATION OF P«»MART CFFIUCNT _i 
PEAK TO AVt«AC£ FLOW HAflO ( 





% Ammonia Nitrogen Removal 



Temperature Correction 

Nitrification efficiency is also decreased by low wastewater 
tgmperature^Figure 5 contains temperature correction factors 
which uill compensate for the low temperature conditions. 



0, O.S 1.0 I.S 2.0 2.S 3.0 5.S 

i Hydraulic Lo8dir>g on BIO-StJRF Process, GPO/FT* 



Septic Tank Affluent • 

As for BOD removal, the lou'er Treatability of septic wastes 
reqgires 50% more BLO-SURF media for nitrification. 

Peak Flow Correction 



With widely varying flow coiiditions. there is the danger that 
rvtrifying bacteria may be i'splaccd from the latter stag^ J)y . 
-thenk}re rapidhj?_grouing^carBon- oxidizing baaeria.To avoid 
this: itlS"nece$sary to^ric^nWjgHxQ^^ EOD 
from enteriilg the laner stages. Figure^Triaicat^hB-allQw- 
able peak to averageflow conditions u+iich uill achieve this.. 
If the actual peak tb average flow r^tio exceeds the allowable 
value, either flow equalization must be included or the average 

desig n flow m ust be increased along uith the re quired BI O- 

SURF media area. T " ^ . ^~ 




VyaytewateFTiempcrature/F 



Eqiftpment Selection^^ 

When the appropriate amount of BIO-SURF media surface 
area has been determined from the preceding design proce- 
dures* the desired fonn of BIO-SURF process equipment can 
be selected from the followingpages. ^ 
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bio-surf;- Air Drive System . 
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Continued testing of the orovpn- Rin qiidc 
BIO-SURF AIR DRIVE SYSTEM 

ment. Thia ofSs the potenla for rPdl^^^ '^'^^ °' 
more dramatic. * . ouHh process even 

.trough a coi^rSrA„^^J™flt 



Withdrawn through a con- 
trol valve for each shaft 
and distributed through 
the header .'beneath 
I the rotating media.. 

The simplicity of this 
drive system is attrac- 
tive for larcfer treat- 
fient plants employ- 
ing a large number of 
BIO-SURF-shafts. 
Rather than having, 
many individual me- 
chanical drive -sys- 
tems, there are now* 
. only one or two cen- 
tral blowers deliver- 
ing air through com- 

~'onLX^^^^ operator .o op.i.l" 

stages of treaSt whS aeration r'p"^' '^"^ '^''^r 
diiced. For plants oberafino ^f'fjl°" requirements are re- 
fional speed can be furiher rinf.V^^? ^"'9" rota- 
consOmpfion.' reduced to minimize power 




Figure 2., Air Drive schematic. 
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I - SCHEMATIC FLOW . DIAGRAM 



^Design Year 
Population Equivalent 
BOD J 

Average Daily Flow 
FeakTlow 



2000 

10,000 . ' • 

1,670 lbs/day '(758 hg/day) 
2,000 lbs/day (908 kg/day) 
1.0 mgd (3, 785 cu m/day) 

* 

'2.88 mgd (10,900 cu m/day) 



Raw Sewage Pumps 
Primary Clarifier 



Bio-disk Units 

» 

\» 

Bio--di3k Effluent Pumps 
Secondary Clar^ifiers 

4 

T , 

CJbloripe. Contact 
Primary Digester' 

Secondary Digester 

Tank Truck, 
Drying Beds 

Liquid Alum S<^ra*ge 



3@ l,400 gpm (88.3 1/sec), 2 variable 
spee~d, andM constant sp6ed (lag pump) 

One rectangular 70,000 gallon (265 cu m) 
capacity with 1.5 hour detention and 8-95 
gpd/sq. ft. (36.5 cu m/day/ sfl. m) overflow 
^rate. 

-gfwo parallel paths with three shafts and 

six stages in each, 9d minutes retentiop 

andl.94apd/sq.ft. (0.097 cu m/day/sq.m) 
hydra ul^ loading rate 

Same as raw sewage pumps 

Two rectangular, 2 .75 hour detention and 
620 gpd/sq. ft. (25.3^cu m/day/sq. m) - 
overflow rate 

Two baffled tanks with total retention of 
35;minutes 

One fixed cover, 100,000 gallon (378.5 
■ cu* m) capacity with 15. S days detention 
at'design loading, heated and mixe'd by 
gasVecTrculalion . ^ 

' One,, floating cover, 100, 000 gallon 
(378.5 cu.'m) capacity with supernatant 
d;LScharge to raw wastewater wetwelT 

One, 2,500 gallon (9.4 cu . m) capacity' 

Adjoining sanitary landfill site, 600* x ' 
200' (183 mV 61 m) without ^nderdrains 

Two tanks; each 2, .600 gallon. (9.^ cu. m) 
capacity ^ . 



Bap screen, grf!' chambers, co'mminutpr, alum and polymer feeders, sludge 
P ,^ din g equipment, are all dersign^d for a peak daily flow of 

2.88 mgd (10-,?0'q cu. rn/day). ] ^' 
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' GLADSTONE"^, HICK. - PErFORMANCE ' • 

' SUMMARY AND CONCLUSIONS 

1 "Pilot studies for municipal vastev/ater treatment using the bio-diss; proce ^ 
.indicated t,hat operation without primary treatment would necessitate at least 
fine screening of wastewater to avoid accumulation, of strings and debris on 
spacers and shafts. Operation 'with primary effliient indicated that the process 
was very stable and effective for providing overall BOD^ removals of 80 to 
92.6% and that, at same hydraulic loading / the BOD removal dropped; by about 
l%^for each 1 °C (1.8°F) drgp in temperatugs of the wastewater. 

2. The're^sults of these studies were used to design 1.0 nigd (3,875 cu..m/ 
day) facility to provide secondary treatment with phosphdrus removal "for the 
City of Gladstone, .Michigan which has been in operation since March 1, 1974 

3. During the last 12-months of operation with about ZO" mg/1 of^alum and 0.8 
.mg/1 of liquid anionic polymer (Nalcolyte 67 7]l. added /fter tbe bio-disk units, 
"t-he,.effluent BOD is generally less than 10 mg/1, suspended solids about 15 

mg/1 an^total^ phosphorus less than 1 . 6 mg/K ^ y * k . 

4. The plant was not designed for nitrification; hovAever, because of lower 
hydraulic loadiij^g;. ammonia nitrogen was generally afcoiit .1,.0. mg/1 during 
summer months and less tha-n 8.5 mg/1 during winter months. . 

5. The high degree of treatment and nitrification achieved resulted^yi reduc- 
•tion in chlorine dose from^a level of 5 to 7 mg/1 to a level of 2^to 3 mg/1. 

6. Recyclying of secondary sludge to the primary clarifier resulted in a 
substantial redaction in the total volume of sludge pumped* daily to the ana^rc^ 
digbster. 
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Plane Upgradsd vn.h 



STAh^LEY E. J/ MATHER 
"Senior Engmi^ert'* »^ 
NUS Corporation 

VHRES.VEARS iigi^ ih| U.S. En- 

(EPA> and iht Siuio'd West Vir£:mia 
reque?ied the Newell Compan\. 
\\ hich o\\ ns ond operaies ihe ^-sung 
prima r> sewage i real me nl. plant for 

>4lie city of NVwell. West Virginia, to 
\i^§<ijde as plant to a secondary 
t''eairnerj>i|^'Stem to meet the 95 per-, 
ceni BOprediictiort. suspepded sol- 
lii. iind' phosphorus removal. 

Newell i^.an unmcorporated town 
and^s lhet^}(/re not under a munici- 
pal auth6rjiy. Hence the existing 
plant was designed by. 
BarcJihofJ .^s^oc^ales.i Salem, 
in 1955 and built b\ the Newell 
pany ip 1958 to serve the city o 
Ke\\ell as a primary treatment sys- 
4em. In fact, the Newell Company 
owns and runs both the water suppK 
and sewage treatment systems for 
the citizens of Newell. 

Newell has a population of 2.300. 
with an a\erage seuage flow of 
180,000 gpd. The ongmal design Oow 
for the exi.'^iing primary treatment 
jDlant was 250.000 gpd. The present 
a^eragf BOD of incoming wastewa- 
ter IS 450 mg'L and the axerag^ sus- 
pended sc lids IS 600 mg'L. The flow is 
coniplelelx domesHc* uithout indus- 
trial wa.stes. 

Newell Company engaged fch 

* Cyrus Wm, Rice Division of -ihe NUS 
Corporation to study ihe prpblem, 

» 5tnd proxide a sev\age treatment 
piant that would me^t EPA require- 
ments, v.hile at the same time have 
lew annual o;J^erauon and ma1n<e- 
r.ariCc cosis. Afjfe>r different methods 
upercicJirc the plant were consid- 
ered, tnt Bio-Surfprocess. rtiahufac- 
iiired b\ A'uiotrol Corporation* 'w-as 
selected on the basis of economics. 
V^ppJixation was made to the De- 

^pai tmeni of Natural Ptesources, State 
of West Vircjnia. for a permit to con- 
5-rjct a fac\Jt> v. ith a design flow of 
4('v.0j0 ?pd. The design wa's ap- 
pro: eci And ;h.e pla^it. w}^?ch is due on 

5'^votr: in J ere. 1977, is currently 
under construction. ' 
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The existing primary plant con- 
tains a oomminutor with a by-pass 
bar screen. a'"'?»arshall Qume flow 
recorder, grit ch^mber.^and primary 
<:lanfiers followed by a chlorinator. 
The sludge is digested anaerobically 
and air-dried on-sand beds. The 
pjrop6sed addition converts the plant 
to secondary treatment. The Bio- 
Surf unifis folLwed by final clarifica^ 
lion and disinfection. « \ 

Th*e Bio-Surf section is the main 
comppnenf of the process and is 
made up oi a series oi 12-foot diame- 
ter high density polyethylene shti-els 
vacuum-formed into corrugated sec- 
tions in order xo provTde the 
maximum surface area for micrpbiai " 
-^rowtH. The total surface area in- 
sialled) on the 25-foot long shaft is 
88.000 square feet. There aie4\ro of 
these shafts making a total surface 
nrea of 176.000 square feet^Each is*" 
d;v!de^ into four stages \/ith the flow 
tnrough the tank bein^ parallel to tll^ 
shaft and perpendicular to the 
media. The effluent from tlie primary- 
clahfiers now^to the multi-stago 
Bio^Surf section where fixed aerobic 
cukums c5f microorganisms remoye 
both dissolved and suspended or- 
ganic matter from the wastewater.' 

Part 4>f the organic mal^^er is 
9<:idi2ed to carbon cjioxide affiS wa- 
.ler. part is synthesuedTnto adahicinal ' 
bio-mass. and part is siorecl. in the ^ 
bio-mass f^r oxidation and-syn:hesjis 
at 3 later time. •Simoltanedusiy. as 
'additional bio-mass ix cenercited.'ex-' 
ce,s bio-mass* js stripped from the 
rut.i-wnq medi^ by tHf> sjieanni^ forces 
v.\^-:crd by thv v. aste\vr,-er. 



Each staire of media operates as'a 
completely m^xed. fixed-film biologi- 
.cal reactor in which there js a 
dynamic equilibrium between the- 
rate of biological growth and the rate 
• • of sloughing- of bio-mass. Treated 
wastewater and sloughed' bio-m<iss 
pass over v.eirs to each subseoueni 
- stage of media As wastewater passes 
from^ st^ge to stage it undergoes a ' 
progress>vely increasing degree of 
treatment by 'specific biological' cul- 
tures wljich are adpated to.tKe 
•changing wastewater. Biq-Surf sec- 
tion effluent Is not recirculated and 
the power requirements to operate 
the units are negligible. ^ 

Excess bio-mass and treated 
' wastewater leaving the last stage of 
the medid pass to two SpiraflQ circu- 
lar secondary clanfiers.' mantifac-l 
tured by Lakeside Equipment Cor^ 
poratjon; Here the incoming wast/ 
en'ters'at the tank periphery and ibfc 
clarified effiuent .is drawn "out JTer 
weirs at the center. Provision ha*; 
been made to withdraw sludge and 
skimmings from these ch.nfiers that 
can be returned either to the sludge 
digestpr or to the ini^t end of thi> 
existing primary setthpc t;.nks. Fined 
disposal ordigt:sted sludge after dry-- 
ing is removed by. truck to landfill or 
clumping. 

Clarified effluent flow> mio a 
chlorine contact tank^ A chlori.ie 
sidual. a^. stipulmM^ bx ihv rv.i^i] nor% 
agencies. >c maint<,jnod,by WaMac- 
& Tiornan gas chlonn.itnr v.hivh w 
be adeqiMw^io s^.^f th, t.pu;.,.rl,>J 
seconda:>hWji Fui^l eii'iurui -s 
then di^d.XrgXd dirrcilv uiio the 
Ohio Ri\er. ' ' ' 
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PAGE 41 "BIO DISC SYSTEM SHRINKS BOD 90%" 
REMOVED PRIOR TO BEING SHIPPED TO EDRS 
FOR FILMING DUE TO COPYRIGHT RESTRICTIONS!.' 
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^IO-MODULE AND BIO-MODULE SHAFT'coIsIFIGURATLONS 



M2 



The fdllouing arc seL^ml suggested configumtions m Vihich to' 
cinplf^' BIO-SURF process eqiiipnicm for p*)ck*J9e plant 
appHcations. Uliilf the configurations of Figures 6. 7. and 8 
show BIO -MODULE iiniis in steel tankage, thev* are cilso 
applicable in BIO-MODULE SHAFTS in concrete tankage. 

Aerobic Pretreatnient ^ 

Several aerobic preireatnieni ahcmativ'es can be utilized to 
precede BIO-MDDULE units and BIO-MODULE SHAFTS. 
These include primary clarifiers. combined .pnmary clanfier and 
sludge slorage(Imiioff-tank) or any of the recently developed 
fine-saje^nir\g devices. Tlie use of combined primary clarification 
ar>d sludge storage uith a BIO-MODULE unit is shown in 
Figure 6. Secondary sludge from the BIO MODULE is returned* 
to thepretreatment system for storage and dig^tion. Because 
package plant a]^lications often experience extreme fliicoia- 
tions in flow, it is often recommencjed that an aerated flow 
equalization step be utilized after pretreatment before entering 
the BIO-MODULE unit. This results in a higher treatment capac- 
ity and permits a more economical design for the-BIO-MODULE 
units or BlO-MODULE SHAFTS and the Subsequent clarifica- 
tion and disinfection steps. , 




6 aO- MODULE WITH PRIMARV CLARIFIED AND SLUDCE DIGESTION * 

\ 



Septic Tank Pretreatment ~ 

For the "range of u'astewaier flous firom 5.000 to 75.000 gpd 
primary treatment and sludge handling can be accomplished 
simply and effectively uith a septic tank. A septic tank by itself 
is a cnide means^ofu-astcwater tr^jtment. Hou-ever. in combi- ' 
nation aith BIO-MODULE units or BIO-MODULE SHAFTS, 
it provides for a very simple tot a I trea^jjncnfsystem. 

Tu-o configurations of a treatment system uith a BIO-MODULE 
and septic tank are shouTi conceptually in Figures 7 and 8. For 
each of these configurations, the treatment systcu^is con- 
structed in tu'o pans- the septic t^nk and a flow equalization 
tank. For lou' u'astevtaier flou-s.^these luo tanks maybe con- 
.tairxrd in a single tank. For higher flous. they can be separate 
tanks. The septic tank portion of die pretreatment system pro- . 
vides for removal of settleable and floatable materials. It also'S 
provides for digestion and storage of secondary sludge solids. 

The fUyw equalization tank in conjunction uith the feed chamber 
and bucket feed system of the B10-M0l3ULE unit provides a ^ 
relatively unifomi flow of a*astewater4o the BIO-SURF pro- " 



cess regardless of thcpattem of raw uastewater flou^ Septic 
tank constaiction can be-of steel or concrete, depending upon 
. cost. &oil conditions, ar^d regulatory agency requirements. 
Seleaionof an ai)propriate septic tank retention time, when 
follou-ed b^' BIO-SURF process secondaryffeatnient. is done - 
primarily orf the basis of sludge digestion and storage capacity. 
Fieldtcsting has shown that a 12-hoiir retention time \iill yield 
about one year of continuous operation before removal of sludge 
for ultimate disposal. On this basis, a 12^hour septic tank' 
retention time is r<?^o^nmerKk^d for most applications. ^ 
During extended periods of Irttle or no uastewater flow. BIO- 
SURF process effluent can be pumped to the septic tank for 
recirculation. This uill provide sufficient organic matter to 
maintain an active aerobic bfomass on the media until normal 
wastewater flow is resumed. This prac tice i s recommended in 
applications such as recreational areas u^iere wastewater 
treatment is needed only several days each week. 

Side-by-Side Configurations 

In the side-by-side configuration (Figure7 ). gravity u'astcwater 
flow to the BIO-MODULfrunitis utilized. Raw wastewater en- 
ters the septiCs^ank for prim^iry treatment and overflou's into the 
flow equalizatioiriank. The flow equalization tank is conriected 
to the lowest point'^of the BIO-MODULE feed chamber. At the 

'beginning of a daily flow cycle, the wastewater level in the 
equallzalion tank will be at its lou-est point. As the flow cycle 
progresses, the equalization tank uill begin to fill: and the 
rising level in the BIO-MODULE feed chamber uill cause the 
bucket feed mechanism to delivej- wastewater at an increasing 
rate. At the endof the penbd of flow, wastewater in the* 
equalization tank and feed chjamber uill be at their highest 
levels: and the bucket i3ump uill be pumping at its highest rate. 
During the balance of the daily flow cycte. where there is little 
or no raw waste flow, the level in the equalization tank uill be 
puipped douTi by the bucket pumpsLuntil the beginning of - 
arwther flow cycle when it is again at its lowest level. Operating 

^ in this manner, the BIO-SURF process e.xi5eriences a cyclic 
wastewater flow pattern where the peak flow is approximately 
1.5 times the avei^ge regardless of the-patteni of raw waste- • 
water flow. In cases of extreme surges of wastewater u^ich 
exceed the capacity of the equalization tank, the exces^can 
overflow from the feed chamber directly int© the stages of 
media and receive full secondary treatment , ^ 
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BIO-MODULE UNrr wrTH SEPTIC TANK PRETREATMENT 
SIDE BY SIDE CONFIGURATION 
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Tr^iining^Module HAOVftr 
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•'II40WW ADVANCED R0TATfN6^BlQ146ICAL ^SURFACE OPERATION '."^^ * 

STUDENT OUTLINE ~ ' - , * - . 

• « I - - 

:e: Participants will receive a copy of each transparency^used 
in the /P^^esentations. Participants shouJd own. or rec'eive 
' WPCF Manual of Practice No. 11. ^ Opei^a<tion of iifasteWater 
_ Treatment Plants , Appropriate chapters in the Manual 
sKould be studied for each topic. 

If possible, technical brochures and articles from ipanu- 
facturers 'and/of the literature could also be provided 
- for the student participant. 

RBS System: Review of 'Purpose^ and Components ^ * * 

A. Note 1?he role^ of RBS systems in treatinent (Trans AD-1) 

B. Study the process components and the i)(»echanisms by which 
it fuhctSons (Trans AD-2', AD-3, AD-4, AD-'S) ^ 

Basic Biology- and Applications to RBS unit 

A. Study the types of organisms especially aerobic heterotrophs 
and autotrophs in an RBS unit (Trans AD-6). 

B. Study growth rates, synthesis and affect of food availability 
and type. (Trans AD-6, - • , 

C. Study the food-mi croorgani^m-oxygen-end products interaction 
in bio-film process (Trans AD-7). 

D. Study the various biochemical interactions in the system. 

1. Note pH effects and alkalinity destruction in nitrification 
(Trans AD-8, AD-9).. , , 

2. Note the. effect of ^femperat^^re iri nitrification (T«ans AD-10, 
AD-11). ^ • ^ 

/ 

3. Note the effect of BOD5— NH3 con cent r^iioas and hydraulic 
loading on , nitrification (Trans A^' 

4. Note the effect of stageS^pjrlntrification jTrans AD-lSj. 

5. Note tbe factors ^jfeh^faf feet nitrifying/b&cterial growth 
and ammonia reduction. Nota the rate limiting st^p. 
(Trans AD-14). 

E. Observe the additional -types of /biological life present in. a 

* . system and what they indicate.^ 

1. Filamentous organisms - substrate changes 

'51 



n — - — • . . ^4 

\2. Protozoa - prey on bacteria- ' ^ , ^ \ 

3. Roti/ers - stable; low organic levels — ^ 

III. Process Design and Predicted Performance 



Study the primary factors affecting BOD reduction and nitri- 
fication in the RBS system (Trans AD-15, AD-16). ^ 

1. Note the major significance of hydraulic loading. 



2. Note" the effects of BOD cqncentration , MHj concentration, 
^i^ ^ tempBi}ature, flow variation and^ rotational^ speeds , 



^ B. Note typical performance -regarding BOD,. Suspended Solids and 
— ' NH3 reduction and sludge settleability (Trans AD-5, AD~15, 
AD-16). , - 

IV. Factors Affecting Process Performance with'^Oper&tionarChanges 

( Note : 'Prior Trans-re-design of units and cause-cure section of 
MOP No. 11) ' . ' ' 

A. Note the impact of changing water quality. — ' 



1. Increase in solids loading-flow obstruction and odor- 
potential-improve pre-treatment. J ' o. 

2. Tdxic substances-interfere wit|i bio-activity-require. 
, industrial pre-treatment. 

'3. pffs^Ranges-decrease rate of nitrification-adjust chem'i-' 
cally and/or industrial pre-treatment. — ' 

4. ^Loadings-decrease in plant performance-improve pre-treat- 
f flient or alteV staging and hydraulic- loading. 

5. Temperature drop.- decrease in performance-alter hydraulic 
loading, heat building, or housed air supply. 

B.- Note the impact of flow rate variations and consider equaliza- 
tion (Trans AD-15, AD-16). ^ \ 

V. RBS Plant Modifications 



A. Study unit modifications e.g., staging, hydraulic loalling, 
recycliyig and use of air drive system. (Trans AD-17). 

B. Njote the potential of chemical addiction e.g., polyeledtrolytes , 
' coagulantaids , etc. to improve solid-liquid separation. 



• 3 

C. Review alternate pre- treatment processes to- achieve pre-treatment/ 

1. Dissolved air, flotation - oil, grease 

2. Fine screening - solids - ' ^ * 

3. Aerated grit removal - grit plus DO, 

4. Chemical treatment - pH, nutrients, toxics 
yi. RBS System: Case Studies ^ * ' 

A. Observe the application of the process via slide presentations 
of operating facilities e.g., Emmetsburg, Iowa. 

, • B, Study the Gladstone', Michigan operation (Trans AD-18, AD-19, 
^ AD-20,' AD-21) , ^ 

1. Note system design --Staging, 

* 2. tlote affect of pre-treatment. ' ^ 

3. Note process perfomjance and temperature effects, 

4. Note chemical additions'. 
C' .study Newell, West Virgini^a RBS system. 

yil. RBS System: Special Applications \ . • . ' 

». • * * 

A. Note applications of the RBS system for 



1. Sludge' treatment side stream organic oxidation and nitrifi- 
cation -^inn. St. Paul; Chicago San. District 

2. Treatment of septic tank effluents (Trans AD-24) • 

/B. Note applications of the RBS sysfem«for treatment of industrial 
wastes. 

1. Textile wastes, - (Trans AD-23) 

2. Dairy wastes g'.g. , Hopkiti ton, Fredericksburg 
^ -3. Others ^' . 
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EXAWpATION. QUESTIONS 



lajww Injftermediate " ' ^ - 

IlitOWW ♦][^dvanced^ 

Note: 1. * The questions for the Basiic Level ^Module should be used as 
desired by the instructor^, and evaluating group. 

2. Th« topical coverage for tSje intermediate and advanced ^modules 
is generally quite similar. The following questions are 
S ^ provided for use in .either modtfle. The instrjictor and 
evaluating ^oup can make the appropriate selections. 



1. RBS unit performance decreases ^ith very low wastewatei^ temperatures,' 
in the ^tO's and low 50's (°F). This can be corrected by housing the 
units in a building (Emmetsburg) and heating the air or by providing^ 



' > initially in 



the cons truclfe ion of the units. 
^ 2. One^bf the primary -advajvlfeges aited for the RBS process is its 



3. ^ What are two pre-trea*ment rec^ir^ments' for RBS units? 
(a) . • ■ ■ (5 



(b) 



For a^ given RBS-S3rst em- fixed media area-, you could increase -the 4 BOD 

removal by decreasing the"^ hydraulic' loading that is lowering the flow 
rate to the disks. 

V ' 

5. A procedure that could'^be utilized to increase BOD removal, in the RBS 
system is * - " > 

a. Increase the hydraulic loading on the di,sks • ' 

b. Hold the pH between 5.5 to 6.8 ' 

• c. . Increase the number ^f stages • ' * ^ 

d. Increase the hyciraialic loading on the .final clarifier 

6. Wastewater temperatures between 55 and 85^? have little o;p no effect on 
BIO-SURF (RBS) process- performance., ' 



?• .«<rhe alkalinity of the wastewater can reduced in RBS. systems practicing 
nitrification. ' • ► 

8* The optimum pH range for nitrification app'ears to be in the 87O to S.O 
range. • . ' * 

,9** The rate of nitrification decreases with 

* ♦ * • 

a* decreasing DO concentration below 3.0 

b. increasing. BOD/NHg ratio in tire wastewater . • ' 
c* . decreases in the. wastewater temperature 

d.' All of the ab•o^^e f * ^ - 

10: For a given influent BOD concentration, as you increase the hydraulic ' 
loading you decrease the percent ammonia removal • \ 

11. A white filamentous growth on the contactor midea is indicative of 

•Jife- ' . . • ^ 'I 

.a. High CaCO^ levels • ' ' 1 ^ \' 

b* Septic wastewa;ter and high, H^S > | ' ' 

c. Higli rotation speed ^nd lime addition/ ] 

12. pH control is not as critical when BOD removal is the goal. Arrange of 
■•^ 6.5 to 8.5 will not '^affect process efficiency. \ f 



J.3. What operating equipmetit is checked more frequently for* mainteijiance 
requirements? i ' . 1 " 



\ \ 

\ ^ r 

J 



Answer the questions foljowing the plant data. 

Data: Flow 3.0 mgd| Maximum Flow -U. 8 mgd v 

£OUs: Influ4nt 220 / "-i 
^ Primary Effluent 155 ^ 

Finall Effluent 20 

Final Clarifier:^ 70 ft. xA diameter 

I 8 ft. depth ^ ^ ' I 

* Determinq^ the .per cinf- removal of BOD in the primary unit and [he whole 
plant. . . ' J ^ . ^ \ • > • 

15. How ni^ny pounds per' day of BOD-ls discharged to the, stream? , ' 

16. Assume the total bi^disk area is 1,^00,000 square feet,' calculate '.the 
hydraulic loading fhr avefage flOw arld^ximum flow conditions? 



17. .What would hg^en t©, plant performance if the maximum flgw lasted for 
.several days? \ ^ < ' * ' 

«.. . * V. . • ' I ■ . , . 

Dete3?mine the overflow rate and 'detention time for the final clarifi 



er. 



19. 



If the maximum flowj rate was of short duration aiid occurred frequently ' 
what qould be;iJone-|:o modify plant operation with^i«>-^Ticreasine the disk area? 



